The photofragmentation of isoxazole molecules producing excited atomic and molecular fragments has been investigated over the energy range 16-50 eV, using photon-induced fluorescence spectroscopy. The following fragments have been identified by their fluorescence: the excited hydrogen atoms H(n), n = 3-7 and the diatomic CH(A 2 , B ) and the H(n), n = 3-7 deduced from their emission yields, were obtained in the photon energy ranges from their appearance energies up to 50 eV. It is found that the fragmentation occurs via excitation into higher lying superexcited states of isoxazole. The vertical excitation energies of these states were determined and their possible fragmentation processes are discussed.
Introduction
Hydrocarbon molecules excited to lower lying states may efficiently decompose in non-radiative deactivation processes. The heterocyclic five-membered hydrocarbons have, in general, repulsive potential energy surfaces along one of the stretching coordinates in their excited states and decay by the fission of one of the bonds [1, 2] . For example, in furan the photoexcitation to the lower lying 1 π * state leads to the formation of the molecular fragments directly on the excited potential energy surface [3] . Fragmentation may also involve the ground-state energy surface through internal conversion occurring via conical intersections between the excited and ground states [3, 4] . These two mechanisms, producing hydrogen atoms, have been observed in the decay processes of the lowest dissociative 1 πσ * and bound 1 ππ * excited states of pyrrole [5] .
Molecules excited to higher lying states having energies above the lowest ionization potentials, named superexcited states [6] , decay by dissociation into neutral fragments. The superexcited states, which are inner-valence excited states or doubly excited high Rydberg states [7] , are also subject to electronic or vibrational autoionization, which competes with the dissociation. The lifetimes of the superexcited states are, in general, short. The superexcited states are most often studied by observations of the dissociation channels and when the fragments are formed in the excited states, the fluorescence spectroscopy technique could be applied. This technique has been recently used to investigate photofragmentation of tetrahydrofuran [8] , a heterocyclic five-membered hydrocarbon molecule, into the fluorescing CH(A 2 ) and H(n) fragments. It has been found that the photofragmentation of tetrahydrofuran proceeds via excitation into the superexcited states and that some of the superexcited states are the Rydberg states converging to the ionic states observed in the threshold photoelectron spectra.
Isoxazole, C 3 H 3 NO, is a five-membered planar heterocyclic molecule (figure 1), which incorporates one nitrogen and one oxygen heteroatom. It is isoelectronic to the furan molecule, C 4 H 4 O, from which it can be derived by replacing a CH group at position (2) or (5) with a nitrogen atom. Isoxazole may be considered as a simple prototype of the components of the backbone and the nucleic acids of DNA in the investigations of the impact of the ionizing radiation. For example, adenine and guanine contain the fivemembered molecular ring incorporating the nitrogen atoms. The interaction of primary radiation and secondary charged particles may lead to the structural and chemical modifications in the molecular units of the DNA. The double strand breaks in the DNA, where both strands of the helix are fractured, can produce a long-term damage that ultimately leads to the death of a biological cell. It is therefore vital to understand how different types of ionizing radiation produce damage to the DNA. Valuable details on these molecular mechanisms may be obtained by investigating the photofragmentation of the DNA structural units or their prototypes.
In the present study, we have explored the photofragmentation of the isoxazole molecules, initiated by excitation into superexcited states, which produces neutral electronically excited atomic and molecular fragments. The understanding of the relaxation pathways of these highly excited molecular states is desirable for the elucidation of the fragmentation mechanisms of molecules. There has been very little research done on the fragmentation of isoxazole molecules in the gas phase. The thermal decomposition of isoxazole was studied by Lifshitz and Wohlfeiler [9] , who used the single-pulse shock tube technique over the 850-1100 K temperature range. They identified acetonitrile CH 3 C≡N and carbon monoxide CO as the major products of the decomposition and several minor products, which included hydrogen cyanide HCN and ketene CH 2 CO molecules. These authors argued that the formation of the CH 3 C≡N and CO is a unimolecular process of a concerted N-O bond cleavage, H atom migration from carbon C(5) to C(4) and a cleavage of the C(4)-C(5) bond. The main thermal fragmentation processes of isoxazole were investigated by ab initio calculations by Okada and Saito [10] and Higgins et al [11] . In particular, the density functional and ab initio calculations of Higgins et [12] pointed out that the thermal isomerization of isoxazole, which may occur already at lower temperatures (<850 K), will have an effect on the decomposition. In the most recent studies of electron impact fragmentation of isoxazole, Linert et al [13] detected the excited hydrogen atoms H(n) and the diatomic CH(A 2 ), CN(B 2 + ) and C 2 (d 3 g ) fragments. It was urged that the fragmentation most likely proceeds via opening of the isoxazole ring into the linear nitrile isomer, N≡CCH 2 HC = O, which further decomposes. The observed fragments, which are further vibrationally and rotationally excited may be released with kinetic energies up to a few electron volts.
The purpose of this work is to provide an insight into the photofragmentation of the isoxazole molecules into the excited neutral atomic and molecular fragments. The applied photoninduced fluorescence spectroscopy allowed identification of the fragmentation products by detecting their fluorescence emission. The fragmentation species, which were observed in the photon energy range of 16-50 eV, are the excited atomic hydrogen H(n), n = 3-7 and the excited diatomic CH(A 2 ,
) fragments. Fragmentation yield curves in the above photon energy range were obtained for H(n), n = 3-7, CH(A 2 ), CN(B 2 + ) and
). It was found that the fragmentation occurs predominantly via superexcited states of isoxazole. The vertical excitation energies of these states were determined and their likely fragmentation processes are discussed.
Experimental details
The measurements were performed at the Gas Phase Photoemission beamline [14] at the Elettra synchrotron radiation facility (Trieste, Italy). The beamline receives radiation from a 36-period undulator in the photon energy range 14-900 eV. Radiation is monochromatized with a spherical grating monochromator, which is equipped with a planar premirror. One of the five interchangeable gratings can be selected depending on the photon energy range of interest. The photon energy scale of the low-energy grating (G1), used in this work, was calibrated prior to the measurements with respect to the selected excitation in the noble gases and N 2 . The photon energy scale was determined with an accuracy better than ± 20 meV.
The dispersed fluorescence spectra of isoxazole were measured using an experimental set-up that was described in detail in [8] . Briefly, a monochromatized photon beam provided by the beamline crossed the effusive beam of the sample molecules emanating from a hypodermic needle. The pressure in the vacuum chamber of the set-up, during the measurements, was maintained at about 8 × 10 −5 mbar. The pressure of the target gas in the interaction region was estimated to be about 30 times higher. The fluorescence emission that was emitted from the interaction region in the horizontal direction, parallel to the electric vector of the incident, linearly polarized synchrotron light was reflected and collimated by a spherical mirror. The collimated fluorescence left the vacuum chamber through a quartz window and was focused by a lens onto the entrance slit of a Minuteman 305 MV fluorescence spectrograph equipped with a grating having 1200-lines/mm, blazed at 500 nm. At the exit of the spectrograph, the dispersed light was detected by a liquidnitrogen-cooled CCD detector (Princeton 10:100B), which allowed us to record single spectra in a wavelength window of 40 nm. The relative detection efficiency of the optical detection channel as a function of the recorded wavelength was determined in our recent work [8] . The incident photon flux was measured simultaneously, while collecting the spectra, with a calibrated photodiode for the normalization purposes.
During the present studies data were collected in two regimes. In the first, the fluorescence emission spectra were measured with an optical resolution λ of 0.5 nm (FWHM) for a fixed incident photon energy of 62 eV. The complete emission spectrum obtained in the 345-670 nm range consists of several 40 nm scans measured in the consecutive wavelength regions. These scans, after normalization to the incident photon flux, were matched with each other to yield a complete fluorescence spectrum. The total exposure time for each 40 nm window was 30 min. The background signal was recorded, while the incident photon beam was cut off and subtracted from the original emission spectrum. Finally, the complete spectra were corrected for the dependence of the sensitivity of the optical channel on the detected wavelength and were given in relative arbitrary units. The wavelength scale was calibrated against the positions of the observed H α to H ε lines of the Balmer series to within ± 0.2 nm.
In the second regime, photofragmentation yield curves were obtained by recording fluorescence emission spectra in the selected spectral regions of interest as a function of the incident photon energy. Measurements were performed in the photon energy range 16-50 eV with a step of 100 or 150 meV. Each fluorescence spectrum in the 40 nm window was recorded for a predetermined time of 30-300 s. The intensities of the atomic lines and the molecular bands observed in the fluorescence spectra were extracted by integrating over the spectral features, which for the CN(B ) fragments included vibrational and rotational excitations. The background in the spectra was taken to be the average of that below and above the studied bands and was subtracted from the spectra. The resulting fluorescence yields were normalized to the intensity of the photon beam and corrected for sensitivity of the optical detection channel.
The isoxazole sample was purchased from Sigma-Aldrich Chemie with a declared purity of 99%. It was further purified in a sample container by applying freezing-pumping-thawing cycles to remove any contaminating gases. The isoxazole vapour was introduced into the hypodermic needle through a gas inlet system containing a needle valve, which was baked out. The vapour pressure of isoxazole at room temperature was high enough for the studies to be carried out without heating the sample. 
Results

Fluorescence spectra
The fluorescence spectra of isoxazole were measured at the photon energy of 62 eV in the 340-660 nm wavelength range over narrower intervals 40-50 nm wide. In the spectra, presented in figures 2-4 the following emission features were identified: the H α to H ε lines of the Balmer series, due to the excited hydrogen H(n), where n = 3-7 and the molecular A 2 →X slightly increased photon energy as compared to that of the fragmentation spectra (see figures 5 and 7) to also include any possible emission features, which are produced at the higher energies. However, no additional emission features were revealed in the 62 eV fluorescence spectrum in comparison to that obtained in the lower energy range, which obviously had different relative intensities. [15] and [16] . The three lines at 388.5, 387.4 and 386.4 nm belong to the (0,0), (1,1) and (2,2) bands, respectively, while the peak at 385.3 nm contains overlapping higher v = 0 bands. The increase of the intensity in the 373-383 nm range results from overlapping rotational branches of the vibrational bands. The structure between 351 and 357 nm is formed by the rotational lines of the v = −1 vibrational bands. These assignments were aided by calculating the CN emission spectrum using the vibrational and rotational constants of the B 2 + and X 2 + electronic states of CN. The experimental CN emission spectrum was reproduced well for the vibrational and rotational populations, assumed to be Boltzmann, governed by the characteristic temperatures of 11500 and 6000 K, respectively. vibrational transitions are marked in figure 3 following the spectroscopic data of [17] . It is seen, that the Q branches of the (0,0) and (1,1) vibrational transitions produce the asymmetric peak at 431 nm. The shoulder, below the peak, is built from overlapping R branches, while the flat structure above 433 nm is produced by the P branches. The peak at 432.5 nm was assigned to the head of the Q branch of the (2,2) vibrational transition. The recorded CH spectrum was reproduced well in the molecular spectra calculations for the vibrational and rotational characteristic temperatures of 3500 and 3200 K, respectively. In the 414-422 nm range the B 2 + →X 2 + bands ( v = 1) of the excited CN, while at 423.3 nm a (0,0) band of the A 1 →X 1 + system of the CH + ion are identified. Two Balmer lines, H δ and H γ are also visible in the spectrum of figure 3 .
Finally, in figure 4 the spectral regions from 442 to 518 nm and 650 to 660 nm, which cover the d [18] . These vibrational lines are superimposed on the background, which Table 1 . The appearance energies, vertical excitation energies of the first and second bands in the hydrogen yield curves (figure 5), dissociation energy limits and the H(n) excitation energies for the H(n), n = 3-7 fragments (in eV). The uncertainties of the energies are determined from the fitting procedure. table 1 . At higher photon energy further excitation bands are discerned in the yield curves, in particular that of n = 5-7 whose relative intensities change with n of the final fragment. In order to decompose these underlying excitation bands, a computer least-squares fitting procedure was applied and Gaussian functions were used to describe the shapes of the bands. The results of the fittings are shown in figure 5 . Four Gaussian functions in the fitting of each yield curve gave the best agreement with the measured spectra. In the 45-50 eV range, an additional rising intensity was introduced in each spectrum to simulate the energy dependence of the yield. The vertical excitation energies (centres) of the first and second bands in the yield curves obtained from the fittings show an increase with increasing n of the H(n) fragment. The superexcited states, contributing to the first and second bands in the spectra of figure 5, may involve states converging to the ionic states observed in the threshold photoelectron spectra of isoxazole at 26.44 eV [20] and those, which could be predicted around 34 eV from photoelectron spectra of furan [21] , the isoelectronic molecule to isoxazole. For the two remaining bands, the obtained average excitation energies are 32.2 ± 0.5 eV and 38.8 ± 0.9 eV. The obtained widths (FWHM) of the corresponding Gaussian functions in the consecutive fragmentation yield curves are approximately equal within less than ± 15%. The values of the vertical excitation energies are listed in tables 1 and 2. It should be pointed out that the choice of Gaussian functions as fit functions to model the H(n) yield curves and also the spectra of remaining fragments (figure 8) is prompted by the shape of the rising edges and the first maxima of the H(n) and C 2 curves, which were reproduced in the fitting with excellent accuracy by the Gaussian bands. Attempts were made to use other fit functions, i.e. Lorentzian functions, which however did not allow us to recreate the measured H(n) and C 2 yield curves. In figure 6 , the intensities (integrated over the band shapes) of the four excitation bands are plotted as a function of the principal quantum number n of the H(n) atoms. These dependences were approximated by an n −k function, where k is a constant. The value of k for each band was found using a least-squares fitting procedure. The intensities of the first and second bands decrease with similar k constants of 2.75 ± 0.15 and 3.0 ± 0.2, respectively, while those of the third and fourth bands with k constants of 2.40 ± 0.15 and 3.4 ± 0.3, respectively. The differences in the k constants may point to differences in the mechanisms, which populate the H(n) atoms in the dissociation of the superexcited states of isoxazole. For comparison, the intensities of the emission lines of the Balmer series, where the excited (n, l) substates are populated according to the (2l+1) statistical weights decrease as n −3 to better than 5% [19] . Thus, k close to 3 may indicate fragmentation mechanism, which produces the H(n) fragments in their substates populated according to their statistical weights.
Excited CH fragments. The CH(A
2 ) fragmentation yield curve, shown in figure 7(a), was determined by integrating the A 2 →X 2 r emission spectra measured at fixed photon energies in the 16-50 eV range. In contrast to the H(n) curves, the yield curve begins with a sharp peak at about 17.5 eV and above the peak shows two shoulders on the slope of the decreasing intensity. We were not able to monitor the onset of the CH emission as it is outside of the studied photon energy range. At higher energy, the yield curve increases to a broad maximum at about 34 eV. Its energy dependence points to a number of overlapping excitation bands, which were decomposed by applying a least-squares fitting procedure based on the Gaussian functions. The sharp peak at 17.5 eV consists of two narrower bands at 16.8 and 17.6 eV, while the intensity in the 18-27 eV range was well fitted with three bands at 18.4, 19.2 and 21.3 eV. These three bands show increasing widths (FWHM). The above-mentioned five excitation bands were not observed in the H(n) yield curves. The remaining bands, found above 25 eV in the CH yield curve ( figure 7(a) ), have vertical excitation energies that are in accord with those of the bands resolved in the H(n) yield curves as shown in table 2.
Excited CN fragments. The fragmentation yield of the excited CN(B 2 +
) determined in the 17-50 eV photon energy range is displayed in figure 7(b) . At a given photon energy, the CN(B [27] , which was subtracted after normalization to the isoxazole spectrum. The CN fragmentation yield increases with energy above 17 eV and reaches a broad maximum at about 34 eV, whose shape resembles that seen in the CH yield. It also shows narrower structures superimposed on the rising slope of the yield. The energy dependence of the yield curve was analysed in a similar fitting procedure as that used for the CH and H(n) fragments to resolve bands of the superexcited states. The results of the fitting are shown in figure 7(b) and the vertical excitation energies of the states are compared in table 2 with those obtained in the CH and H(n) fragmentation channels. The excitation energies of the bands seen in the CN channel coincide, within experimental uncertainties, with those of the CH and H(n) channels. This coincidence in the vertical excitation energies suggests that the same superexcited states of isoxazole would decay into the CN(B 2 + ), CH(A 2 ) or H(n) excited fragments. ) channels. As has already been pointed out, this coincidence in the excitation energies of the bands seen in different fragmentation channels reveals superexcited states, which could decay via different pathways.
Excited
Discussion
In the following discussion, the possible reaction channels producing the observed excited atomic and molecular fragments of isoxazole are being considered. Apart from the direct dissociation into the neutral fragments of the target molecules, excited into the superexcited states, the VUV photon absorption may lead to dissociative ionization yielding the ionic and neutral fragments from the dissociating ionized target molecules. The ionic and neutral fragments may be also produced through the autoionization of the superexcited states into the molecular cation states that would dissociate. The complete picture of the total VUV photofragmentation of isoxazole would demand references to the branching ratios of the various fragmentation processes. However, to the best of our knowledge they have not been reported in the literature and were not the subject of this work. The dissociative ionization of isoxazole yielding excited neutral fragments is considered in the discussion, and it is concluded that the present results do not point to the fragmentation via the dissociative ionization.
H(n) atoms
The simplest mechanism leading to the hydrogen H(n) atoms is a direct elimination through scission of the C-H bond in the closed ring of the excited isoxazole (figure 1). The dissociation energy limit for the H(n = 3) reaction is estimated to be 17.29 eV. This value is obtained from the excitation energy of the n = 3 state of 12.09 eV and the C-H bond strength of 5.20 eV, taken to be equal to that for the H abstraction from the C(2) atom in isoelectronic furan [22] . The dissociation energy limits for the H(n), n = 4-7, were obtained using the corresponding excitation energies of the hydrogen atom and are listed in table 1. The estimated limits are lower by 1.5-2.3 eV than the adiabatic excitation energies of the first bands in the spectra of figure 5. In the electron impact fragmentation of isoxazole molecules [13] , a difference of 4.6 eV between the appearance energy of the H(n = 3) (21.9 ± 0.5 eV) and its estimated energy limit has recently been found. These excess energies in the dissociation may contribute to the internal excitation of the ring isoxazolyl radical and/or to the translational energy of the H atom that is much lighter than other dissociation fragments.
The other possible reaction leading to the formation of the H(n) fragments is illustrated in figure 8 by scheme (a) . This alternative process involves opening of the isoxazole ring by breaking of the N(2)-O(1) bond to form a linear nitrile N≡CCH 2 HC=O isomer. In this structure the N≡C triple and C = O double bonds are built, accompanied by the H atom migration between the C(3) and C(4) carbon atoms. Next, the H atom abstraction may occur from the C(4) or C(5) atoms. The estimated fragmentation energy limit for this process producing the H(n = 3) is 14.88 eV and is lower than for direct elimination through scission of the C-H bond. This value is obtained from the energy of −1.11 eV of the open structure of isoxazole found in the ab initio calculations by Davico [12] , the abstraction energy of the H atom of 3.90 eV [23] and the excitation energy of the n = 3 state (12.09 eV).
The dissociative ionization of isoxazole is an alternative possible channel to produce the excited H(n) fragments together with the corresponding ionic species. In this process, the H(n) would occur by detaching from the excited parent C 3 H 3 NO + isoxazole cation and leaving the C 3 H 2 NO + ionic fragment, which may be a subject of further rearrangement and fragmentation reactions. The electron impact mass spectra of isoxazole [24] indicate that the dehydrogenated isoxazole cation is the second most abundant cation of isoxazole. The estimated fragmentation energy limit for the H(n = 3) in the photodissociative ionization is 23.33 eV, while those for higher n = 4-7 are between 24.0 and 24.5 eV. In this estimation the appearance energy of the C 3 H 2 NO + cation of 11.24 eV, obtained by Bouchoux and Hoppilliard [25] in their electron impact studies of the fragmentation pathways of isoxazole and the excitation energies of the H(n) states (table 1) were used. These energies are substantially higher than the appearance energies of the H(n) yield curves and the adiabatic energies of the first bands and also higher than those of the second bands (figure 5) indicating that the observed photodissociation bands leading to the H(n) excited atoms do not involve the dissociative ionization. This conclusion is extended to the third and fourth bands in the yield spectra taking into account the similar shapes of all resolved bands. However, the dissociative ionization would take place if the superexcited states autoionize into the respective unbound cation states.
CH fragments
The structure of the isoxazole molecule (figure 1) implies that the CH fragment will be produced in a complex fragmentation process. Figure 8 presents the possible reactions, which arise by the opening of the isoxazole ring through the N(2)-O(1) bond scission and continue by fragmentation of the formed nitrile isomer N≡CCH 2 HC=O. The lowest fragmentation energy limit of 10.55 eV we estimate for pathway (b) is
Here, the cleavage of the CH 2 -CN bond takes 5.28 eV [26] , while the formation of the formaldehyde molecule by the H atom migration from the C(4) to C(5) and the cleavage of the C(4)-C(5) bond requires further 3.50 eV. This energy is deduced from the known dissociation energies of the molecular bonds involved [26] . The excitation energy of the CH(A 2 ) v = 0 level is 2.88 eV. Other conceivable fragmentation processes giving rise to CH radicals are
and are illustrated by schemes (c) and (d) in figure 8 , respectively. These two processes involve the C(5) and C (4) carbon atoms in the CH and their estimated fragmentation energy limits are 13.0 and 13.8 eV, respectively. The possible reaction channels producing the excited CH and CN fragments in isoxazole, proceeding through dissociative ionization should correlate with the ionic fragments observed in the cation mass spectra. This restricts the number of the feasible channels. The lowest fragmentation energy limit for the CH(A 2 ) building from the dissociative ionization is obtained for detachment of the excited HCO moiety from the parent cation to form the C 2 H 2 N + and further cleavage of the C = O bond in the HCO. This reaction, yielding the third highest abundancy cation in the mass spectrum [24] , corresponds to that depicted by scheme (c) in figure 8, which produces neutral fragments. Its estimated dissociation energy limit is 24.55 eV, which is determined from the appearance energy of the C 2 H 2 N + cation of 13.34 eV [25] , the cleavage energy of the C = O bond in the HCO of 8.33 eV [22] and the excitation energy of CH(A 2 ). The other plausible reactions for example that producing the excited HCO + cation, which dissociates to yield CH or those involving multifragmentation would have higher energy limits than 24.55 eV. The estimated energy limit exceeds the adiabatic energies of the bands resolved in the spectrum of figure 8(a) , except that of the 38.5 eV band. Thus, only the 38.5 eV band satisfies the energetic requirement for the dissociative ionization into the CH fragments. However, a featureless decrease of the CH emission yield in the 35-45 eV range of the spectrum does not indicate the opening of a new dissociation mechanism. This underlines that the neutral dissociation is the most likely fragmentation process for the production of the CH(A 2 ) species. It seems justified to extend this conclusion to the CN(B 2 + ) fragment ( figure 7(b) ) and in particular to the C 2 (d 3 g ) fragment, whose yield displays typical absorption bands ( figure 7(c) ).
CN fragments
The most likely fragmentation reaction leading to CN(B 2 + ) is shown by scheme (e) in figure 8 . The CN detachment involves rupture of the C(3)-C(4) bond in the linear nitrile isomer N≡CCH 2 HC=O:
The fragmentation energy limit estimated for this reaction is 7.36 eV. In this evaluation, we used the energy of the linear nitrile isomer of -1.11 eV [12] , the CH 2 -CN bond dissociation energy of 5.28 eV [23] 
C 2 fragments
The C 2 (d 3 g ) fragments are formed in reactions, which will be more complex and as a consequence their fragmentation energy limits may be higher than those of the CN and CH. The appearance energy of the C 2 (d 3 g ) was found in the spectrum of figure 7(c) to be 21.0 ± 1.0 eV. It may be speculated that the C 2 fragments arise in several fragmentation steps according to scheme (f) of figure 8:
The H atom migration from C(5) to O(1) and the C(5)-O(1) bond scission builds the OH radical and the vinylidene H 2 C = C:, which to create C 2 loses two H atoms. The fragmentation energy limit of the reaction (5) is estimated to be 21.8 eV. In this estimation, the energy of the CN abstraction in the reaction (e) of figure 8 was further increased by 7.16 eV to form OH, 8.09 eV to remove two H atoms from H 2 C = C: (both energies estimated from data of [22] ) and by 2.40 eV, the C 2 (d 3 g ) (0,0) excitation energy. This estimated value is close to the appearance energy of the C 2 in the yield curve of figure 7(c) .
The other reaction yielding the C 2 fragments, which we consider, necessitates concerted scission of the C(5)-O(1) and C(3)-C(4) bonds in the isoxazole ring to abstract the acetylene C 2 H 2 , which when loosing two hydrogen atoms forms C 2 . Note that acetylene was detected in the pyrolytic decomposition of isoxazole [9] . This reaction gives the following final products: 
Conclusions
The photofragmentation of isoxazole molecules that gives rise to excited atomic and molecular fragments has been studied using synchrotron radiation in the energy range 16-50 eV. The observed excited fragments were the atomic hydrogen H(n), n = 3-7 and the diatomic CH(A 2 , B ). The diatomic species are vibrationally and highly rotationally excited. It has been found that the fragmentation occurs predominantly via excitation into higher lying superexcited states of isoxazole and that the majority of these states may decay into two, three or even four fragmentation channels. The vertical excitation energies of these states were determined and their possible fragmentation processes have been discussed. Fragmentation energy limits for these processes were also estimated. Comparison of these energy limits with the observed appearance energies indicates that the undetected final fragments may be internally excited and may have kinetic energies of up to a few electron volts. Quantum chemical calculations of the superexcited states of isoxazole would bring more insight into analysis of the fragmentation processes.
The considered fragmentation pathways require the H atom migration along the molecular structure of the isoxazole molecules or their fragments. Although the H atom migration in a heterocyclic molecule has not yet been confirmed experimentally, it was seen in the past as the 1,2 hydrogen shift reaction in simple organic compounds [28] and was recently revealed in the photodissociation of the deuterated propene at 157 nm [29] .
The most prominent feature in the isoxazole photofragmentation spectrum is that of the CN fragment. It is worth noting that the CN nitrile fragment has also been detected as one of the two major desorbing neutral fragments in the low-energy electron irradiation of the halogen-substituted uracil oligomers chemisorbed onto the surface [30] . The observed electron-stimulated CN desorption was assigned to fragmentation of the pirimidine ring of uracil. The present results may suggest that the CN formation may be one of the possible fragmentation reaction channels of biomolecules, which contain the five-membered ring incorporating the nitrogen atoms, e.g., the nucleic acid bases, adenine and guanine.
